1. Introduction {#s0005}
===============

As a major cause of hospitalization and death for children around the globe ([@bb0175]), unintentional pediatric injuries are a priority for prevention. Given that parents\' behavior can significantly affect the incidence of unintentional injuries ([@bb0180]), interventions to change their behavior should be informed by evidence on the factors that motivate preventive measures against re-incidence. In the present study, we investigate parents\' perception of injury risk, because it is known to influence parents\' safety behavior ([@bb0015]; [@bb0170]; [@bb0120]; [@bb0010]; [@bb0020]). More specifically, we focused on perceived risk of recurrence following a Medically Attended Injury (MAI).

Evidence indicates that interventions to prevent childhood injuries should aim to increase parents\' perception of injury risk ([@bb0020]; [@bb0030]; [@bb0075]; [@bb0160]; [@bb0100]). Among parents of children 0 to 24 months, perceived risk of unintentional poisonings is associated with preventive behaviors (e.g., safely storing cleaning products) ([@bb0020]). Among parents of children 0 to 4 years, risk perception influences protective behavior against burns, cuts and falls (e.g., installing safety gates on the stairs) ([@bb0015]; [@bb0170]). Furthermore, higher perception of risk is associated with higher levels of supervision of school-aged children in pedestrian environments ([@bb0120]; [@bb0010]).

MAIs are considered an opportunity for injury prevention interventions, because they increase parents\' perception of injury risk ([@bb0075]; [@bb0160]). A cross-sectional study reported that parents whose child had sustained a MAI in the previous year were more likely to report higher scores of perceived injury risk, compared to those who had not ([@bb0075]). Similarly, a case-control study, found that, compared with controls, parents of children who had sustained a MAI: (a) had an increased perception of injury risk, (b) believed the potential injury could be more severe, (c) had more concern about their child\'s risky behaviors, and (d) attributed the injury to their own, as well as their child\'s behaviors ([@bb0160]).

The above research indicates that children\'s MAIs increase parents\' perception of injury risk and, thus, make them more willing to engage in preventative behavior. However, lack of longitudinal data makes it difficult to determine how long this state of heightened awareness lasts, if it changes over time and whether and when it peaks (immediately after or weeks later). This knowledge could inform timing of injury prevention interventions within the health care system. If perceived risk of recurrence is highest the day of injury, then evidence would favor deploying interventions during the visit to the Emergency Department (ED). However, if perceived risk of re-injury increases in the weeks following a MAI, then evidence would favor interventions deployed during follow-up visits (e.g., when removing a cast).

This paper is aimed to determine if parental perceived risk of re-injury changes over time. Based on psychological research on probability learning ([@bb0110]; [@bb0005]; [@bb0095]), we hypothesize that parents\' perceived risk of re-injury increases in the following weeks, rather than decrease or remain stable. From the perspective of an individual parent, MAIs are rare events. A child may be a passenger in a car, a pedestrian, play in a playground, or practice a sport daily for months or years, before sustaining an injury related to these activities. These experiences would suggest to parents that it would take several exposures to the activity before another injury occurs. As time post-MAI passes without incident, parents may begin to believe their child is "running out of luck" and re-injury is more likely. This way of "guesstimating" the probability of events based on experience has been termed *gambler\'s fallacy* ([@bb0110]), and it occurs when people learn about the likelihood of chance events through personal experience, rather than statistics ([@bb0005]; [@bb0045]). We propose the gambler\'s fallacy is likely to emerge in the context of unintentional child injuries, because parents: (a) typically do not have access to information on rates or probabilities of each type of injury; (b) are known to rely on their experience to make judgments of injury risk ([@bb0075]; [@bb0160]; [@bb0140]; [@bb0130]); and (c) regard unintentional injuries as resulting from bad luck ([@bb0155]).

2. Methods {#s0010}
==========

2.1. Study design and setting {#s0015}
-----------------------------

The research reported here uses a subsample of the Burden of Injury Study (BOI) ([@bb0195]); a one-year longitudinal investigation into Health Related Quality of Life and post-traumatic stress in a cohort of children and their caregivers, who presented to a level-1 trauma center with an injury. Families participating in the BOI study were asked to complete a baseline and three follow-up questionnaires. Baseline questionnaire included demographic information, whether the child has sustained other MAIs in the previous year, circumstances surrounding the injury (e.g., perceived control over the incident), such as time of the day, activity (e.g., cycling), and spatial location (e.g., road), children\'s Health-Related Quality of Life (HRQL), Post-Traumatic Stress Disorder (PTSD), and parents\' judgment of the likelihood of re-injury. Follow-up questionnaires encompassed HRQL, PTSD, parents\' perceived control over the incident, and their judgment of the likelihood of re-injury. At each time point, parents were asked to report the date they completed the questionnaire. Additionally, survey data were linked with hospital records (e.g., triage assessment). The BOI collected data from February 2011 through December 2013 and was approved by the University of British Columbia/Children\'s and Women\'s Health Centre of British Columbia Research Ethics Board (details elsewhere ([@bb0195])).

2.2. Recruitment and follow-up procedures {#s0020}
-----------------------------------------

Parents were recruited in the ED or hospital wards. In the ED, after hospital records confirmed an injury complaint, research assistants would approach parents, obtain consent, and give them baseline questionnaires. In hospital wards, clinical staff were consulted before approaching participants. Parents of hospitalized children were over-sampled to ensure representation of more severe injuries. Parents were asked to complete follow-up questionnaires one, four, and 12 months after baseline. They were sent follow-up packages, even if they had not returned the previous one. Participants were also given the option to complete the survey online, and received a \$2-dollar gift card for each questionnaire they completed.

2.3. Participants {#s0025}
-----------------

Participants were parents of injured children, fluent in English, and residents of British Columbia, Canada. Grandparents and other relatives were excluded; parents of children were excluded if injury was intentional or if their child had a disability or a chronic health problem before the injury. As shown in [Fig. 1](#f0005){ref-type="fig"}, out of the 256 participants included in the BOI study, three did not meet inclusion criteria, two provided inaccurate injury dates, 16 had a date missing, and 49 had one or more variables missing. The final dataset comprised 186 cases.Fig. 1Sample selection in relation to the Burden of Injury study. Study conducted at the British Columbia Children\'s Hospital, between February 2011 and December 2013.Fig. 1

Since questionnaire items pertaining the present study (i.e., risk perception questions) were introduced 10 months after data collection for the BOI started, it is important to clarify how this sample of 186 parents was achieved. Participants who were recruited before the new questionnaire items were introduced, answered risk perception questions at either first, second or third follow-up, but not at baseline. Those recruited after the questionnaire was changed, answered risk perception questions at baseline and all follow-ups. This latter group constitutes the "core" sample of the study. Following recommended practice for statistical analysis of longitudinal data ([@bb0225]; [@bb0105]), we also included data from participants who were recruited before questionnaire update and thus answered risk perception questions at follow-ups but not at baseline. This group constitutes the "booster" sample. See [Fig. 2](#f0010){ref-type="fig"} for a summary of the core and the booster sample distribution by time point, and [Table 1](#t0005){ref-type="table"} for sample characteristics.Fig. 2Core and booster sample distribution by time point. Study conducted at the British Columbia Children\'s Hospital, between February 2011 and December 2013.Fig. 2Table 1Sample characteristics (n = 186).Table 1VariableNumber (%)/mean (SD)Parent gender Fathers53 (28.5) Mothers133 (71.5)Socioeconomic status[a](#tf0005){ref-type="table-fn"} 1st Quintile24 (12.9) 2nd Quintile24 (12.9) 3rd Quintile37 (19.9) 4th Quintile32 (17.2) 5th Quintile69 (37.1)Child gender Girls69 (37) Boys117 (63)Child age8.2 (4.6)PaedCTAS 1 and 250 (26.9) 340 (21.5) 4 and 596 (51.6)Hospitalized[b](#tf0010){ref-type="table-fn"} Yes59 (31.7) No127 (68.3)[^1][^2]

Injury details are available in the BOI paper ([@bb0195]). The most common injury diagnoses were minor external injuries (37%), and upper and lower extremity fractures (36%). Most injuries occurred during leisure/entertainment activities (32%) and sports/exercise at school, club, or gym (31%).

2.4. Measures {#s0030}
-------------

Using a 7-point Likert scale (from "very low" to "very high"), parents\' perceived risk of injury recurrence was elicited with two questions: (1) "How much of a chance do you think the event could happen to your child again?" and (2), "In general, the chance of your child being injured again in the future is:" These items were made to elicit likelihood "guesstimates" instead or judgments of risk, because: (a) the gambler\'s fallacy refers specifically to people\'s expectations of event occurrence irrespective of its valence (positive or negative); and (b) it was important to separate the likelihood "guesstimates" from the valence ascribed to the injury, because some parents do not necessarily regard all child injuries as undesirable, but rather as a normal part of growth and development ([@bb0150]). Additionally, the items refer specifically to the parent\'s child rather than children generally, to circumvent their *optimism bias* (i.e., a tendency to believe one\'s child is less susceptible to injuries than other children) ([@bb0190]).

Time since injury was measured in days, recoded as months, and used in analysis as a continuous variable. Time-invariant covariates included: (1) child\'s and parent\'s gender, as mothers tend to believe boys as more likely to sustain unintentional injuries than girls, and fathers tend to be more tolerant to injuries than mothers ([@bb0150]; [@bb0165]; [@bb0025]); (2) child\'s age, because parental perception of injury risk is known to increase with age ([@bb0125]; [@bb0055]); (3) parents reporting at baseline that the child had sustained a MAI in the previous year, which has been shown to increase perceived risk ([@bb0075]; [@bb0160]); and (4) severity of the injury, because it is directly related with perceived injury risk ([@bb0160]). The latter was approximated using the Paediatric Canadian Triage and Acuity Score (PaedCTAS; a 5-level ordinal scale where 1 = critical condition; 5 = non-urgent) ([@bb0085]); scores are based on a physiological assessment of the child by a specially trained triage nurse ([@bb0080]). Forward difference contrast coding was used to compare adjacent scores (3 versus 4, 4 versus 5, and so on) ([@bb0215]). PaedCTAS has been found to adequately approximate injury severity ([@bb0230]).

We also considered two time-variant covariates related to perceived control, which is known to influence risk perception ([@bb0205]): (1) perceived control over the injury incident, which was elicited with the question "How much control did you feel you had to stop the event from happening?" (measured on 7-point Likert scale); and (2) whether the parent perceived the event as a "freak accident" (e.g., getting hit by a duck while riding a rollercoaster), which was elicited with the question "Would you say this incident was a 'freak event'? (Yes/No)."

2.5. Statistical analysis {#s0035}
-------------------------

Separate analyses were conducted for each outcome variable: perceived risk of the **same** injury recurring and perceived risk of **any** injury recurring. Analysis was conducted in the lme4 package for R. Discontinuous linear mixed-effects models with random intercepts by individual and fixed slopes were used. Mixed-effects models produce valid inference from unbalanced datasets ([@bb0050]). Correlations among repeated observations were not constrained. Model building followed guidelines by [@bb0200]. First, a model without covariates was fit. Second, time and a discontinuity in time were entered and tested for significance, one at a time. Finally, covariates of interest were introduced and tested one by one. In each step, deviance-based hypothesis test was used to determine significance, as it is more reliable than single parameter tests ([@bb0105]; [@bb0200]). Covariates were kept in the model until all predictors were entered. In subsequent rounds of model building, covariates that were significant in the previous rounds were entered first. Predictors with consistently non-significant effects (*P* \> .05) were removed from the model, and predictors found to be multivariably significant were retained. Two separate model building procedures were followed: one for perceived risk of the same injury and one for the perceived risk of any injury.

Since PaedCTAS categories 1 and 5 were infrequent (6% and 2% respectively), they were collapsed into three categories: 1 and 2, 3, and 4 and 5. Forward difference coding ([@bb0215]) was used to compare adjacent categories (e.g., 1 and 2 versus 3, 3 versus 4 and 5). Predicted marginal means were derived from the final models using the LS Means package for R version 2.25-5.

Mechanism of missing data was investigated with the Missing Values Analysis (MVA) function of IBM SPSS Statistics 24. Patterns of missing values in outcome variables, covariates, and demographics, and circumstances of the injury (e.g., respondent was present when injury occurred) were examined. Mechanism of missing data was determined based on cross-tabulations, *t*-tests, Little\'s test of Missing Completely At Random (MCAR), and data collection logs. Sensitivity analysis was conducted to examine potential bias resulting from missing observations.

3. Results {#s0040}
==========

3.1. Perceived risk of injury recurrence {#s0045}
----------------------------------------

[Table 2](#t0010){ref-type="table"} summarizes results from the two models: parents\' perceived risk of the same (Model 1) and parents\' perceived risk of any injury recurring (Model 2). Contrary to our hypothesis the perceived risk of the *same injury* recurring did not change over time. Furthermore, it was lower for more severe injuries (as indicated by PaedCTAS) and higher if the injured child was a boy. Perceived risk of the *same injury* recurring was not associated with child age, parent gender, having a child sustain a MAI within a year before baseline, perceived control, or the belief that the incident was a freak accident.Table 2Longitudinal analysis of parents\' perceived risk of the same and of any injury recurring (n = 186).Table 2Model and covariatesParameter estimatesAdjusted *P* valueCrude (CI)[a](#tf0015){ref-type="table-fn"}Adjusted (CI)Model 1: Perceived risk of the same injury repeating Time0.01 (−0.03 to 0.02)0.01 (−0.04 to 0.02)*P* = .623 PaedCTAS 1 and 2 versus 3−0.48 (−1.13 to 0.10)−0.56 (−1.17 to −0.02)*P* = .073 PaedCTAS 3 versus 4 and 5−0.65 (−1.23 to −0.14)−0.59 (−1.17 to −0.06)*P* = .032 Child is boy0.54 (0.07 to 1.00)0.56 (0.10 to 1.01)*P* = .013Model 2: Perceived risk of any injury repeating Time−0.01 (−0.03 to 0.01)0.30 (0.10 to 0.53)*P* = .003 Slope discontinuity at first follow-up−0.35 (−0.56 to 0.14)−0.33 (−0.56 to − 0.13)*P* = .002 PaedCTAS 1 and 2 versus 3−0.61 (−1.16 to 0.01)−0.51 (−1.08 to 0.08)*P* = .087 PaedCTAS 3 versus 4 and 5−0.12 (−0.73 to 0.41)−0.14 (−0.61 to 0.33)*P* = .605 Child had injuries 12 months before baseline0.81 (0.31 to 1.36)0.72 (0.21 to 1.21)*P* = .005[^3][^4]

Perceived risk of *any injury* recurring changed over time in a discontinuous way: increased between baseline and the first follow-up and then decreased thereafter. Additionally, the overall trajectory was lower for severe injuries (PaedCTAS 1 and 2) and higher if the child had an injury within a year before baseline. Perceived risk of *any injury* recurring was not associated with child age, child gender, parent gender, perceived control, or the belief that the incident was a freak accident.

[Fig. 3](#f0015){ref-type="fig"} describes changes in parents\' perceived risk of any injury recurring, separately for parents whose child sustained a MAI within a year before baseline versus parents whose child did not. The discontinuous change in perceived risk of any injury was the same for both groups: an upward trend from baseline to first follow-up (around six weeks). The only difference is that the overall perceived risk was higher for the former group. The severity of the injury (not shown in the figure) had the opposite effect: the discontinuous trajectory was identical across different degrees of injury severity, but was lower overall for the critical ones (PaedCTAS 1).Fig. 3Predicted marginal means of perceived risk of any injury recurring, in the year following medically-attended injury to their child. Parents who reported their child had sustained an injury within the previous year (solid line), reported an overall higher perceived risk of re-injury compared with parents who did not (dashed line). For both groups, the perceived risk of re-injury peaked approximately six weeks after injury. This confirms our hypothesis that, shortly after experiencing a MAI to their child, parents generally do not expect another injury to occur. A few weeks later, however, parents believe re-injury is more likely. The subsequent downward trend may reflect that, as months pass without incident parents become desensitized to the possibility of re-injury. Study conducted at the British Columbia Children\'s Hospital, between February 2011 and December 2013.Fig. 3

3.2. Sensitivity analyses {#s0050}
-------------------------

To examine if the increase in perceived risk of any injury recurring at first follow-up was an artifact of missing observations and changes in the sample across time points, a third model was fitted. As Model 1a in [Table 3](#t0015){ref-type="table"} shows, the increase is still present among participants who had valid observations at first follow-up (n = 94). A final model of perceived risk of any injury recurring was fitted, so as to examine if the effect also persists when the sample includes those participants who skipped the "freak accident" question. As Model 1b in [Table 3](#t0015){ref-type="table"} shows, the effect holds.Table 3Sensitivity analyses.Table 3Model and covariatesParameter estimates*P* valueModel 1a: Perceived risk of any injury repeating (n = 94)[a](#tf0020){ref-type="table-fn"} Time0.22 (0.00 to 0.46)*P* = .627 Slope discontinuity at first follow-up−0.24 (−0.49 to 0.01)[b](#tf0025){ref-type="table-fn"}*P* = .049Model 1b: Perceived risk of any injury repeating (n = 205)[c](#tf0030){ref-type="table-fn"} Time0.31(−0.13 to 0.50)*P* = .438 Slope discontinuity at first follow-up−0.33 (−0.53 to − 0.14)[b](#tf0025){ref-type="table-fn"}*P* \< 001[^5][^6][^7][^8]

4. Discussion {#s0055}
=============

We examined whether parents\' perception of re-injury risk changed during the year after their child sustained a MAI. We predicted that the perceived risk of injury repeating would be higher months later than the day it happened. Results are partially inconsistent with our prediction, but still address our research objective.

Parents\' perceived risk of the *same* injury recurring remained stable throughout the year. Moreover, it was lower if the child was a girl or had sustained moderately severe to critical injuries (PaedCTAS 1, 2, or 3). This suggest that parents attempted to use predictors of risk (e.g., child gender, severity of the injury) to "guesstimate" the likelihood of recurrence. Parents\' perceived risk of the *same* injury recurring was not associated with having injuries sustained a year before baseline. Since the gambler\'s fallacy emerges when people base their "guesstimates" on previous occurrences of the event ([@bb0005]), this could explain why the perceived risk of the *same* injury did not follow the predicted trajectory. Each of these results is consistent with research showing that: (a) parents expect boys to get more injuries than girls ([@bb0155]; [@bb0145]) and (b), when making likelihood judgments based on experience, people tend to see rare events (e.g., moderately severe to critical injuries) as less likely to occur than more frequent ones (e.g., less urgent injuries) ([@bb0220]; [@bb0035]).

The perceived risk of *any* injury recurring exhibited an upward trend consistent with the gambler\'s fallacy, but only between baseline and first follow-up. Furthermore, it changed direction and decreased slowly thereafter. The downward trend after first follow-up may reflect that, as time passes without incident, the effect of experiencing an injury to one\'s child wears off, and parents slowly become desensitized to the possibility of re-injury. We also found that the perceived risk of *any* injury recurring was higher overall if the child had sustained injuries in the year before baseline, which indicates parents relied on previous injury incidents to "guesstimate" recurrence of any injury. This suggests that, irrespective of the discontinuous change over time, experiencing a MAI increased general perceived risk for as long as 12 months (previous reports indicated eight ([@bb0075]; [@bb0160])). These results are consistent with findings from laboratory experiments on probability learning, where agents (human participants or computers) have to rely on previous events to judge the probability of a frequent, small gain versus a rare, big loss (e.g., earning \$1 dollar versus losing \$20 dollars) ([@bb0185]). Finally, the perceived risk of any injury was overall lower for more severe injuries, irrespective of the discontinuous change over time. This may reflect the fact that more serious injuries are less frequent and therefore less likely to repeat, which, in turn, may affect parents\' overall "guestimate" of the likelihood of any future injury. This hypothesis should be explored further.

Findings from our study should be interpreted in light of the following limitations: first, mothers and parents from higher socioeconomic status were overrepresented in the sample. This may influence overall perceived risk in opposite directions: women tend to report higher perceived risk than men ([@bb0090]). However, affluent parents may have provided lower ratings of injury risk because they tend to live in neighborhoods with lower traffic or have more resources to engage in prevention (e.g., supervising children, purchasing safety equipment). This limitation, however, does not affect our main results, as the focus of our study was not to estimate the overall mean perceived risk, but to examine how it changes over time. Second, there is some uncertainty regarding the increased (and subsequent) decrease in perceived risk of any injury, as indicated by the overlapping confidence intervals of predicted marginal means at baseline and follow-ups. Third, the high number of missing observations could have artificially produced the gambler\'s fallacy effect. For example, participants with missing values at first follow-up may have, on average, low perceived risk of any injury recurring and their absence may have artificially increased the overall mean in this time point. However, this is unlikely. If this were the case, we should have also seen a similar effect in perceived risk of the same injury repeating, since both analyses use the same sample and both outcomes are correlated with each other. Furthermore, the effect holds when the analysis is conducted on the subsample of participants with completed first follow-up (n = 94). Finally, our analyses excluded parents who did not answer the "freak accident" question. These individuals may be have been unfamiliar with the expression and, thus, demographically different (i.e., English is not their first language). This limitation, however, does not affect the gambler\'s fallacy finding because: (1) believing the injury event was a freak accident was not associated with the perceived risk of any injury recurring, and (2) the fallacy effect holds when the analysis is conducted on a sample that includes participants with missing values in the "freak accident" question.

To our knowledge, this is the first study to use probability learning to derive testable predictions regarding changes in parents\' perceived risk of re-injury in the year following a MAI. Sensitivity analysis indicated that the gambler\'s fallacy effect remained despite missing observations, and our results are consistent with previous studies on injury prevention ([@bb0075]; [@bb0160]; [@bb0155]; [@bb0145]) and current probability learning theory ([@bb0005]; [@bb0140]; [@bb0185]). This increases confidence in our findings. Importantly, our results lend credence to a novel hypothesis: timing may be a factor influencing the effectiveness of behavior change interventions to prevent pediatric re-injury.

5. Conclusions {#s0060}
==============

ED visits for a child injury have been proposed as an opportunity for effective pediatric injury prevention education ([@bb0235]), because they are hypothesized to represent awareness raising moments and calls to action ([@bb0135]). However, no difference has been found in studies comparing injury prevention interventions on parents of injured children versus parents visiting for other reasons ([@bb0060]; [@bb0070]). Moreover, studies examining interventions in the ED have produced mixed results ([@bb0210]; [@bb0065]; [@bb0115]; [@bb0040]). Our study provides a plausible explanation for this puzzling finding: since the increased perception of re-injury risk may not be fully realized until weeks later, ED interventions (which typically happen the day of the injury) may not be timed to take full advantage of the increased perceived risk of re-injury associated with a MAI. Future research should compare the effectiveness of two hospital-based injury prevention interventions that differ only in timing: during the ED visit versus four to six weeks later.
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[^1]: Approximated with the neighborhood income quintile ([@bb9000]).

[^2]: As indicated in hospital records. Study conducted at the British Columbia Children\'s Hospital, between February 2011 and December 2013. PaedCTAS = Paediatric Canadian Triage and Acuity Score; a 5-level ordinal scale (1 = critical condition; 5 = non-urgent), based on a physiological assessment of the child by a specially trained triage nurse.

[^3]: CI = Confidence interval or parameter estimates. PaedCTAS = Paediatric Canadian Triage and Acuity Score; a 5-level ordinal scale (1 = critical condition; 5 = non-urgent), based on a physiological assessment of the child by a specially trained triage nurse.

[^4]: With the exception of time, which is the main variable of interest, all crude estimates are adjusted for time and, when applicable, discontinuity in slope. Study conducted at the British Columbia Children\'s Hospital, between February 2011 and December 2013.

[^5]: CI = Confidence interval or parameter estimates.

[^6]: This model was fitted in a subsample comprising only participants\' valid observations at the 1st follow-up.

[^7]: Adjusted for time.

[^8]: This model was fitted in a sample that included those participants that skipped the question: "Would you say this incident was a 'freak event'?" Study conducted at the British Columbia Children\'s Hospital, between February 2011 and December 2013.
